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Red S.to.rm Gc 11s . ' . . . ._: . . I  

. . _ .  . . < .  . 1. ' .  
. -. . . ,I. -.  ."., c, '2 . .  
.. . . . ". '. . '. _, i:;, c .. -. '.I> I : L<. ,. 7:;. . 

Balanced System Performance - CPU, Memory, Interconnect, .and UO. 

Usability - Functionality of hardware and software meets needs of users for . .  

Massively Parallel Computing. 

l!:  .... : .  . 
,:L.::LL.. '.", . ' .  
;.;..< ' I-. , 

<:  :_ ' , , .i" ,. 

Scalabilky = System Hardware and Software  scale, si1 $e cabinet system to 
-20,000 processor system. 

Reliability - Machine stays up long enough between interrupts to make real 
progrms on completing application '. . run (at least 50 hours . .  .. . -- MTBI), . 'I : + p Y . "  '* requires ' 'I' full 
system RAS capability; ' : 

. .  . ' .  . .  . r -.:; ,. . ' . .  . . ,  
'.%,. . ,  ; : . ! . a : . . -  

, .. . . , 'I ,,$. .. . . . .-;,;: .?$>??: ' , . I  . , .II. . . .  . . .  : ':I . , ;.';,,v>::%..:k,:, .. , ., ' . .  ' 

Upgradability System can be upgraded with a processor swap and sddi- 
tiona1,cabinets to lOOT or  greater. 
Remlack Switching - Capability to switch major PO of the machine 
between class€fied and unclassified computing environmenl . 

I *  

Space, PI ti Cooling - High density, low power system. 

-~cellent performance per dollar9 use high- volume 
commodity parts wnl e feasible. 
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.... - . .  , 
1 . I'. . 

.'. . _I,. . .  
. . . .  . . . .  

Red Storm Architecture 
. .  

. .  
. .  

. %  . .  
I .  : ' 

, .  , 

. .  . .  . .  . . . . . .  . .  . . . . .  . .  . . . . .  . . . .  

108 compute node cabinets and 10,368 compute node processors. 
(AMD Opteron ,, - :-7.=.,-7. . . .  :. ._  ?;. @ 2,O GHz) 

-10 TB of DDR memory @ 333 MHz 
: . . .  ;+ . . . .  L-J  
: x .  '.. 7 , , . n , ' ,  I ,.,: i' 

Red/Black switchin! , - ~ 1 / 4 ~  ~ 1 / 2 ~  -1/4, 

8 Service and UO cadnets on each end (256 processors for each 
color). 

240 TB of disk storage (120 TB per color). 

4 



Not the End, Jusl the Beginning 





. .  
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. . .  .......... ..... 

Functional hardware partitioning - service and VO nodes, 
'p:'. 
' : +.j.<,:.,. . a,:= 2%: -+, compute nodes, and RAS nodes, 

7.r.w;. 
I' " g .  - . . 

. :.. I . . . . .  . . . .  

. .  -:.":... . . . . . . . .  . ,  ;:i! . Partitioned Operating System (OS) - LmUX a ervice d 

. .  
I . .  . .  

- . ' .  . .  . . . .  . . . .  
, * <' 
. . . .  . -  ...... 'e 
i& 
'%: ' ., ., . . .  

. .  . .  

'i.:,;' ..... UO nodes, LWK (Catamount) on COII aoa , ippea 
"::,if' down LINUX .on RAS nodes, 
,: : * : , . :.. 
. :I v,T:?,z 

. 1 . , ,". , 
,: .,.: - 
~ e .... 

. ,. 

. .  
, , I ::'. . . . . . . . . . .  '..'. ' 

. ,  
. .  ... . . . . . . . . . . . . . . .  

~ . ::.. ' , . 
I .  
Fh .; ' - : . . . . . . . . . . . . .  .: .. :,:. ... :... 

LesL ihan 2 MW total power and cooling. 

. .  
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Applicutian Sc.alability 
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Scaling duta far some 
key engineering codes 

Mkbl Ibr bny 
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Red Storm Topology 

Compute node topology: 
27 X 16 X 24 (x - z) = RedBlack split 2688 - 4992 68 

2 X 8 X 16 (x, y, z) ou each end 
Mesh is full and 2 X 16 X 16 (x, y, z) on each end 
128 (256) full bandwidth links to Compute Node Mesh (384 available) 

- .... . . . . .  
. .- .... 
, .  '... . .  .,':,< ' ' , . . "  . . .  

'-I : 

.% :.": 
,!, ,r 

" : I .  ", 

! ..;.., '. 
. . . . .  . . . . .  

. .  ..: '. . %  I . . . . . .  ,: . . .  : . 
, . .  I 

' _ I _ . .  . . .  . . .  . . , :+: % . .  .... . . .  .-: . . .  Smdia N; ional Laboratories 
. .  

........... -: : ","? 
. . .  ' 3. - ' ' ' '." . . . .  

, .  ; 1' ' 
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Relating scufability urtd cost 
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Red Storm Layout .I . . .  .. :. . !::;,: ,-PA&:>:. 

. . .  . . . .  
, . ,, :, ':. " , . . . .  

1 .: m 

~ 1 1 1 1 1  

Disk storage system 
not shown 
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Standard Linux cluster cost 
projection 

24.8M 

26AM 

. M k b l c * r ~  

Historical co5t duta 



._ . 

. .  
:r d 

Separate and redundant RAS workstations for Red and Black ends of 
machine. 
System administratio -- - nd monitor1 

;. ,:'. "': ' ; ,*: .. 'I 
:.. % ,- ....:.5 ........ &, , ,; 1. -9 .t I 

. . .  
'# . , .' . . 
. . . .  , . .  . .  

Error logging and monitoring for major Bystem components including 
processors, memory, NICmouter, power supplies, fans, disk controllerr 
and disks. 

. . . . . . . .  ...<a . . .  . 
,.1 , , , : ..;. .: =. *. 

::.  ,.;. 1;' ., : . :I., 
..._. 
I.. - .,'... , 

' ' I.' . . '>' :, , .. ?:: . . . . .  
x., ' . . , . . , ;::' . .  . %  . 

RAS Network - Dedicated Ethernet neb ork f; :king 
RAS nodes to RAS workstations, 

One for each co Ipute board 
One for each cabinet 

., ' .  . 
.. I - .  ' 
. 1. I. ' . . . . .  
. .  . .  . .  . . .  . .  . . . . .  . .  . .  . . .  . .  . . . .  

. .  
. ,  . . .  . . .  

. . -  . .  
. .  

. .  . . -  
. .  . .  . .  
. . . .  . .  . . .  . .  . .  . . . .  

. . .  . .  

, , '.:.!.'.' .:Ji . . .  . . . .  . .  
_ .  - . .  . .  

. . .  
.,'. ?'.'. , 
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Red Storm 

Visualization: Data to Display 



.. .. I 
I ...,.,. ..,. 

;.?.?': 
. .  

'. :; , ;: .: 
,.. . ..,.,..' " .. .-.,_ .y . . .  -i 

I 

c I I 



.. ' .' 
'. . L ,: 

. . .  
. '*' , , ' >:..:: ' ' .;:' 
d, , .  .: . .: 1. 1' . . , .  

Red Storm Sy:! : <  
:, . 

. .  

. . .  
. : .  . .  . .  

. .  

Obcrafing Systems 
LINUX on sewice and VO nodes 
LWK (Catamount) on compute nodes 
LINUX on I&@ f : ', , , - 7 1 ::, 

;. %- !.: ' =t 'a:.' . '.. 

;..: . - . .  
",' : . ,  . ,. ._ ' I 

% .  

File Systems . 
. .  

% . . . . . . a .  r 

Parallel File System = Lustre (PWS) 
Unix File System - Lustre (NPS) 

Run-Time System 
Logarithmic loader . . ' . "  

Node allocator 
Batch system = PBS 
Libraries = MPI, VO, M: 

. . .  

Single System View 
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Red Storm System Software 

Support for Heterogeneous Applications 
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Prograa-ning Model 
Message Paasing 

. .~ . .  . .  . .  
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Red f rm Performance - Overall System 

. .  . .  

Based ced bpplication code testing ongroduction AMD Opteron : ' "  " 

processors we are now expecting that Ra S W  will deliver 
around 10 X performance improvement over L, 'I 
Sandia's suite of application I )de! 

Expected MP-Linpack performance - -30 TF, 
. . .  

~ 
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Red Storm Performance - Processors and Memory . i'. .' . . . .  

; " .." 

. .  . . .  . .  
.,I . 
I. '< : 

..%. . :: ' -.  ..:. , , : , 

.. .& : . . . . . . . .  ,..C' 
'..' 

'.I :: . 
'I ' . . .  

. . .  

Node memory system . : , .,'.?.!<'. ;.'! . . .  
.-:,: 

Page miss latency to local processor memory is -30 nano-seconds, 
Peak bandwidth of -5.3 GBh for each processor, 

. .% % .  . 
. . . . .  . .  . . . . . . .  . . .  , I ... . . . . .  ?.' +. ... L$ ._ . 

.;, x .  3 ' 
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'i, . 
Comparison of ASCI Red and Red Storm .A.*,., . . . . . .  %. I 

I . . . .  . .  
. .  .. : 

.I . 

ASCI Red . ' Red Storm . . . % . % , . .  . . . .  

Full Sytem OgeratIond Time June 1997 (Proceasrrr and Q3 of 2004 . .  . .. , ,..;:: a'. . . . . .  ' 

Frame Memory Upgrade in 1999) 

Theoretical Peak (TJ?) 3.15 41.47 

MP-Linpack Performance (TF) 2379 . >14 (eft). ' ' 

Architecture Distributed Memory Diutributed Memory 
il . . . . . .  ,I. - ... 

,> 7 :.. . 
; ,;. , . .. ;;, .- , MTMD ::,::,":,;,: '"< ';; .,. . . .  .% 

,>.,.! ;t :->F-:. ,:f;.:. .;:'......".".". i..: ,:< ji .. I '  , 4 .-..-%. k L' '. ~ . .  ,.:.- MIMD 

. . . .  
- ,  .. ,\..;, . .  c . . . . . . . . .  . . .  . . . .  . . I  

. . . .  : c ' 

. . .  

.: . . . . . . . .  . . . .  
\' . , '. ... C ,  !'*.F.<.+l ..a . :  ,1 ..,. ;-. .:_ : i. ...::. .-; : - $'<*'.5:. '.1 

- .,+.;,, . .  . . .  . . .  . . .  ., II I . -- . 

Number of Compute Node Procea- 9,460 

Procemr Intel P 11 @ 333 MHz 
#Or3 

Ll Caches 16 KB Data & Instruction 
L2 Cache 512 KB Shared 

10,368 . 

. .  

Total  Memory I L2 TI3 

,, L,,:':...: . ,'-A. ................ 

Sandia National' Laboratories. . . .  . . I  
. . . .   . . .  
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ComDarison of ASCI Red and Red Storm 

E 

Red Storm 

.lo0 Mbit Ethernet 
1 .for each 4 CPUs 

'. ,2688 - 4992 - 2688 
. .  - 3000 %q ft 

16 
, . .  , ~. 

Smdia National Laboratories 
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Red Storm Project 
..... I. . : . .  . . . .  . . .  . .  
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~. ............ . . . .  , .. .,,. . . . <.:.,-x-: 

. .  

. . C  
c r , :  . 

. . . .  , :.. : . :.:-: . , 

Rewlack  Switch design is complete = On display in ASCI I 

NICRouter (Seastar) Chip Final Net List has been. released 
Prototype boards with FPGA for NICmouter are being tested 

System Sofhare Status 
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